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Erle Ellis is Associate Professor of Geography and 
Environmental Systems and Director of the Laboratory 
for Anthropogenic Landscape Ecology at the University 
of Maryland, Baltimore County, and Visiting Associate 
Professor at the Harvard Graduate School of Design.  
His research investigates the ecology of human 
landscapes at local to global scales with the aim of 
informing sustainable stewardship of the biosphere in 
the Anthropocene.  Recent projects include the global 
mapping of human ecology and its changes over the 
long-term (anthromes), online tools for global synthesis 
of local knowledge (GLOBE), and inexpensive user-
deployed tools for mapping landscapes in 3D (Ecosynth).

Erle C. Ellis

Global Upscaling of 
Social-Ecological 
Infrastructures

Ecologies 
of the 

Anthropocene

An attempt at a systematic 
classification of the hybrid 
socio-ecological fabric 
associated with the long 
and continuous human 
use of the earth’s surface.
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Human populations quadrupled over the 
past century and will likely reach 10 billion before 
leveling off midcentury. Per capita rates of food, 
energy, and other resource consumption have 
grown even faster than population, accelerating 
already massive human demands for resources. 01 
These dramatic trends have led some to forecast 
imminent environmental and societal collapse as 
human demands transgress Earth’s natural limits. 02 
Yet global and regional indicators show human well-
being increasing steadily over the same period. 03

To understand the extraordinary long-term growth 
and development of human societies is to recognize 
the adaptive processes of social-ecological upscaling 
that have enabled a single species to reshape an 
entire planet. It is not by using up and destroying 
environments that human societies have been 
able to grow and develop over the long-term but 
rather, by ever-greater scales of social and material 
exchange and ever-more intensive alteration of 
ecosystems to better support human populations—
often to the detriment of other species and by 
exploiting non-renewable energy and material 
resources. 04 Nevertheless, as will become clear, 
the upscaling of human societies from bands of 
hunter-gathers to farming communities to global 
urban industrial networks has made the Earth more 
capable of sustaining human populations, not less.

Yet what are the prospects for humanity and ecology 
on a planet ever-more rapidly and completely 
reshaped by human societies? The challenges are 
unprecedented and there is no going back. Remarkably, 
the continued global upscaling of the social-ecological 
infrastructures that sustain humanity might still 
offer the greatest planetary opportunities—the 
global social-ecological design spaces—in which the 
future prospects for both humanity and nonhuman 
nature might be dramatically improved. 05

Emergence of the Anthropocene
Human use of land for agriculture and settle-

ments—the key social-ecological infrastructures that 
sustain humanity—has already transformed more than 
three-quarters of the terrestrial biosphere into anthro-
pogenic biomes, or anthromes, yielding a host of novel 
ecologies characterized by their sustained direct inter-
actions with human populations and infrastructures in 
the forms of crops, pastures, built structures, and other 
used lands [Figure 01]. 06  This profound and perma-
nent transformation of Earth’s ecology together with 
anthropogenic global changes in climate, hydrology, 
element cycling, biodiversity, and other environmental 
processes has recently led scientists to recognize 
the emergence of human systems as a global force 
transforming the Earth system and the beginning of 
a new epoch of geologic time, the Anthropocene. 07

The Anthropocene is commonly portrayed as a recent 
crisis brought on by the overwhelming demands of 
industrial societies on Earth’s “life support systems.” 08 
And contemporary rates and scales of industrial envi-
ronmental change are certainly unprecedented. 09 Left 
unchecked, these might derail all prospects for a desir-
able future, especially climate change caused by fossil 
fuel combustion. Yet the single greatest global change 
wrought by humanity to date is likely the transforma-
tion of the terrestrial biosphere by human use of land 
[Figure 02]. 10 While far slower than industrial changes, 
the evidence from archeology, paleoecology, and 
environmental history demonstrate clearly that human 
societies have been reshaping the terrestrial biosphere, 
and perhaps even global climate, for millennia. 11 

Long before the rise of industry, even before the rise of 
agriculture, human societies began transforming ecosys-
tems to support their populations and sustained these 
processes for thousands of years in some regions. 12 Even 
our predecessors in the genus Homo, now extinct, used 
tools of stone and fire to extract more sustenance from 
landscapes than would ever be possible without these 
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technologies. 13 Rather than simply adapting to environ-
ments as they are, our species, like some others, alters 
environments to sustain its populations, a process known 
to ecologists and archeologists as niche construction. 14

Social Construction of the Human Niche
Niche construction confers powerful evolutionary 

advantages because the social-ecological infrastructures 
developed by ancestors, such as cleared woodlands 
or tools for exploiting diverse species, are inherited 
by their progeny, enhancing the adaptive capacity of 
future generations.  More powerful still is the unrivaled 
ability of our species to transmit strategic knowledge 
for  producing these infrastructures across societies in 
generational time, enabling this social-ecological capital 
to accumulate over generations across the world. 15 
As a result, the human niche has been expanded far 
beyond anything that unaltered nature could provide 
by processes of cultural evolution far more rapid than 
biological evolution. These unprecedented capabilities 
for social-ecological upscaling are what have enabled 
a single species to transform an entire planet.

Tens of thousands of years ago, hunter-gatherer soci-
eties had already spread across the Earth and depended 
on sophisticated social-ecological strategies to sustain 
growing populations in landscapes transformed by their 
ancestors. 16 Over thousands of generations, these soci-
eties accumulated advanced technologies enabling more 
sustenance to be squeezed out of ecosystems, including 
the ability to utilize a broad spectrum of species once 
preferred megafauna such as  the wooly mammoth 

became rare or extinct, to extract more nutrients from 
them by cooking and grinding, to burn woodlands to 
enhance hunting and foraging success, and to propagate 
and later to domesticate the most useful species. 17 Hunter-
gatherers transformed their environments and depended 
on the social-ecological legacies of their ancestors to 
sustain themselves.  Ecosystems began changing across 
the Earth, setting the stage for even greater rates of 
social-ecological change driven by the rise of agriculture.

Land-Use Intensification and 
Social-Ecological Upscaling
Populations sustained by agriculture grew more 

rapidly than those of hunter-gatherers, ultimately 
replacing them across Earth’s most productive lands. 
These larger and more demanding populations were 
driven to adopt more intensive and productive land-use 
systems to gain their sustenance from the same 
land using technological innovations such as tillage, 
irrigation, and manuring, typically adopting them only 
when existing technologies could no longer produce 
enough—usually long after technologies first became 
available—but ultimately yielding long-term increases 
in land productivity and the social-ecological upscaling 
of human societies. 18 Long fallow shifting cultivation 
gave way to shortened fallows, the plow, continuous 
cropping, irrigation, manuring, and other increasingly 
productive land-use technologies. Still, relationships 
between a given population and its land system 
productivity remained dynamic and complex, driven not 
only by populations but also by social and economic 
processes regulating resource demand, land availability 
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Figure 01. Human ecologies of the Anthropocene: a global  

map of anthromes in year 2000.
Figure 02. A global history of land use as a force transforming 

the terrestrial biosphere.
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and suitability, barriers to technology adoption and 
availability, and the potential for intensive use of land 
to degrade its productivity over time. As a result, a 
general trend toward increasing social-ecological 
upscaling of land productivity has been generated not 
by a smooth and continuous process but through a 
complex succession of land-use system regime shifts, 
some of them regressive, subjecting populations to 
both surplus production and productivity crises. 19

Social-ecological upscaling accelerated with the 
emergence of urban and industrial societies. 20 
Increasingly productive agricultural systems produced 
greater potential for extractable surpluses, supporting 
growth in nonagricultural populations and ultimately the 
first cities. 21 The growing demands of urban populations 
have been supported by ever-larger scales of farming 
operations and commercial networks, ultimately leading 
to widespread adoption of high-yielding industrial 

“green revolution” land-use systems by the 1950s 
and continuing today, sustained by fossil energy and 
other industrial inputs. These industrial technologies, 
especially mechanization, have increasingly decoupled 
human labor from productivity growth in agriculture, 
driving a growing proportion of humanity into urban 
areas while focusing agricultural production in regions 
most favorable to large-scale agriculture. Continued 
increases in land system productivity have also 
largely compensated for the increasing demands 
of growing human populations and progressively 
richer diets. 22 As a result, lands less suitable for large-
scale agriculture are being abandoned in regions 

where governance supports this, leading to “forest 
transitions” as woodlands recover, as in the eastern 
United States, parts of Europe, and even China. 23

Anthropocene Ecologies, 
Anthropogenic Landscapes
Recovering temperate woodlands are just one legacy 

of global social-ecological upscaling. The ecologies of 
the Anthropocene are rich and diverse, shaped by the 
varied agricultural and urban infrastructures that sustain 
humanity and dispersed widely across the anthromes 
that extend over most of Earth’s ice-free land [Figures 01, 
03]. 24 Most important, anthromes are mosaic landscapes 
composed both of lands used directly for agriculture 
and settlements and the ecosystems left embedded 
within them as remnant, recovering, and less directly 
used novel ecosystems. 25 Less than one-quarter of 
Earth’s ice-free land remains as wildlands, and mostly 
in remote areas too cold or too dry to attract humans. 
The novel ecosystems embedded within anthromes 
now cover a substantially greater extent than that 
of wildlands (greater than 35 percent of Earth’s ice-
free land), and are dispersed across the biosphere in 
some of its most productive and diverse regions. 26

The global significance of novel ecosystems is helping 
to drive a wholesale rethinking of ecological science and 
conservation, though this is not without controversy. 27 
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Figure 03b.  Global extent of anthromes.Figure 03a.  A guide to anthropogenic biomes of the world: 
integrating human systems into ecology. 
Social-ecological patterning of anthrome landscapes. 
Anthromes are mosaics of used and novel 
ecosystems shaped by human populations and their 
use of land, which in turn shape biodiversity and 
ecosystem function.
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Figure 03c.  A Guide to anthropogenic biomes of the world: 
integrating human systems into ecology.

While the most densely settled and intensively used 
anthromes tend to be the most altered, even the least 
intensively used rangelands and seminatural lands tend 
toward biotic communities and ecosystem processes 
transformed by exotic species invasions, altered fire 
regimes, nutrient pollution, extinctions, hunting, fuel-
gathering, and other pervasive human influences. 28 
Yet even the most transformed novel ecosystems 
embedded within the most intensively used and 
densely populated anthromes can retain essential 
habitats for most native plant species and other taxa 
and can maintain ecological functions and services 
at levels similar to those of native ecosystems. 29

Can these novel human ecologies be engaged to shape 
a better Anthropocene for both humanity and nonhuman 
nature? There should be little doubt that human societies 
will continue to depend on the global upscaling of social-
ecological systems to survive and to thrive. It would be 
no more possible to sustain 7 billion people by a return 
to traditional organic farming than to sustain them by 
hunting and gathering. The human niche has expanded 
across the planet over millennia of technological inno-
vation, social learning, and ecosystem transformation 
toward the industrial technologies, urban settlements, 
and global networks of exchange that now sustain 
most of humanity. Yet the continued global upscaling 
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of social-ecological infrastructures may still offer the 
greatest planetary opportunity of the Anthropocene—a 
design space for guiding social-ecological transforma-
tion of the biosphere toward more desirable outcomes. 
As migration to cities depopulates rural landscapes 
and agriculture continues to scale up, new spaces are 
opening up for ecosystems to recover or be conserved 
as social-ecological heritage. As the geosocial powers 
of cities grow, so have demands for more desirable 
environments and ecologies, both urban and elsewhere.

Can denser human settlements become increasingly 
attractive to human populations and ever more desir-
able to live in? Can our used lands and infrastructures 
be made more productive while at the same time more 
permeable to flows of water and wildlife and less con-
ductive of disease, pollutants, and exotic species? Can 
we restrain the forces of engineering and domestication 
enough to allow evolutionary freedom in the species 
we choose to live with? To join with these opportunities 
is to empower a post-natural view of the human role in 
shaping nature and to become part of a more desirable 
future for both nature and humanity in the Anthropocene.
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